Abstract-
INTRODUCTION
The quality of a vintage wine depends on the climate, the seasonal weather conditions that ripened the grapes as much as the winemaker experience and talent. This has been welldocumented in literature as seen in (1) (2) . But knowledge on "how" and the "exact" weather conditions that affect the grape composition and the ripening process is fragmented (3) . The major reason for this being lack of consistent data on wine quality to scientifically validate the anecdotal evidence, by establishing the correlation/s between two vital sets of factors, namely, the wine quality which is arguably a subjective issue when compared with the more precise and readily available weather data. This is especially the case with wines produced from most of the new wine producing countries, such as New Zealand, Australia, Chile and South Africa. However, in recent years, the interest in scientifically understanding the effects of long-and short-term effects of climate change has been significant in both old as well as new world wine producing countries to improve vineyard and grape wine production. Nonetheless lack of consistent data makes the modelling of climate change effects of grapevine growth and wine quality difficult using conventional methodologies.
In view of the above facts, researchers at AUT's Geoinformatics Research Centre (GRC) began investigating into experimenting with approaches that are generally referred to as other than the rigorous statistical data analysis methodologies to modelling the influences of weather conditions on the quality of wine vintages of different regions within New Zealand. The ultimate aim of this effect is to find a set of ideal features that can be used for the identification and characterisation of wines produced from New Zealand's regions under different seasonal conditons (4) . Section II gives an outline on the results obtained with approaches already investigated using wine ratings (and sommelier comments (5)and grape yield (6) from Kumeu River Wines with data spanning only a decade or so. Section III looks at Marlborough wine and climate data being used in the research, following which future direction of this research is briefly outlined.
II. CLIMATE EFFECTS ON WINES OF DIFFERENT VINTAGES
Recent research in modelling the seasonal variability in weather conditions and its effects on grapevine phenology and wine produced from the grapes of that season showed that, of the many factors, weather as the main influencing factor at this temporal scale (7) .
A. Year-to year-variability in climate and its effects on wine
In viticulture it is believed through cultivation practices that vintage-to-vintage variability effects, especially on fruit quality is imposed by two broader categories, namely terroir (climate, soil) and cultiva (or variety). Of these two, the influence from terroir factors is described to be major at this temporal scale with their impacts established scientifically as (50%) for climate, (25%) for soil and (10%) for cultivar by van Leeuwen (8) . In this research climate is concluded to be the major influencing factor, its affects described as realised specifically through vine water balance status. The study looked at the influence of all variables representing terroir and cultiva simultaneously on vintage-to-vintage vine development and berry composition of non irrigated vitis vinifera on gravelly soil (with heavy clay subsoil and sandy soil as well as water table within the reach of roots) with Merlot, Cabernet franc and Cabernet Sauvignon. The climate variables used for the study consisted of maximum and minimum temperatures, degree days (base of 10°C), sunshine hours, ETo, rainfall, and water balance for a four year period from 1996 to 2000. Similarly, (9) (10) studied the seasonal climate effects on grapevine phenology and wine quality and concluded temperature and weather related factors during berry ripening period as the main deterministic factor/s in wine quality.
B. Year-to-year (vintage) variability and its effects on Kumeu wines
The initial results of the analysis carried out on Kumeu (New Zealand) wine descriptor frequencies of 12 grouped descriptors in each year from 1997-2006, for 30 Kumeu wines discussed in (8) showed the correlations between yearly total of 12 std deviation in monthly average temperature against wine descriptor frequencies. The wine descriptors were grouped using the WEBSOM approach to reduce the 51 descriptors to 12 groups. The WEBSOM 1 of 45 nodes was created with 51 descriptors and commercial software package viscovery.
An interesting observation made from this study was that year 1998, with the highest ssd/meant within the period analysed consisted of high descriptor frequencies for clusters C2, C3, C6 and C10 descriptors. Meanwhile, year 2002 with the lowest ssd/mean temperature consisted of higher frequencies for C5, C8 and C11 descriptors. Discriminant analysis ran on the data set produced 11 words (underlined) as contributing factors in determining the variable vintage (or year considered as a dependent variable on the 11 descriptors). C1 descriptors are present in all years. ssd/meanT: standard deviation of daily mean temperature for the growing season (Sep.-April). Source for temperature data: National Institute for Water and Atmospheric Research (NIWA). The model correctly classified 76.7% of original grouped cases and 50.0% of cross-validated grouped cases (30 cases in total).
The results show that there are correlations between temperature variations and some descriptors
III. THE METHODOLOGY
The research elaborated upon here looked at different methods initially for modelling the correlations between wine descriptors of 778 Marlborough vintages and their ratings for studying the wine descriptor/ ratings correlations with seasonal weather conditions. The following are the steps of the methodology adopted here:
1 WEBSOM: The WEBSOM method provides an approach to organise a textual document collection onto a graphical map display with an facilitates to browse the document collection. The approach allows for content-directed search within the collection. Initially each document is encoded into a histogram of word categories that are used by the self-organizing map (SOM) algorithm to create a map based on the similarities in the contexts of the words. The encoded documents can be organized on several hierarchical SOMs, in which nearby locations contain similar documents (9) 1) a matrix of 195 descriptors selected as useful and relevant after discarding common and rare words from the corpus of 2351 words extracted from the original wine comments given for 778 wines used in the analysis (for further details on the text mining method (vector space model see 9).
2) ascertain the correlations between the descriptor groups and different wine styles/ ratings to select the high and low wine rate years for wine styles produced from the Marlborough region. The methods investigated in this research are: websom for grouping the co-occurring words (describing a feature) relating to wine style perhaps indicating high or low ratings. The Marlborough main wine styles being analysed in the paper are: Chardonnay, Pinot Noir, Riesling, Sauvignon Blanc, Pinot Gris and Gewürztraminer.
3) establish the correlations between style descriptors and ratings using statistical methods 4) study the correlations between style descriptors and ratings using data mining (DM) methods. The DM methods used in the research are JRip rules and J48 tree based classification of WEKA software.
5) 254
Chardonnay vintages of New Zealand produced between 1996-2007 are studied to establish the wine descriptors related to the regions using statistical methods and then with data mining techniques.
IV. RESULTS
Results obtained from different statistical and DM investigated methods to establish correlations between wine descriptors and vintages of different NZ wine styles are discussed in this section
1) The WEBSOM approach to Marlborough wine styles
Using the WEBSOM approach word segments (features) relating to Marlborough vintages of different wine styles were analysed to establish the words that correlate to the wine styles. Chardonnay: S2 Pinot Noir: S3 Riesling: S5 Sauvignon Blanc: S1
Sauvignon Blanc: S8
Chardonnay: S13 Pinot Gris: S13 Sauvignon Blanc: S11
Pinot Noir: S21
Gewürztraminer :S1
The 22 word segments (figure 2) generated from the WEBSOM (figure 1) illustrate the correlations between the Marlborough wines styles and the wine descriptors (figure 2). Correlations were found between Chardonnay: S2, Pinot Noir: S3, Riesling: S5, Sauvignon Blanc: S1 Pinot Gris: S13 and Gewürztraminer: S1 descriptors. The 195 wine descriptors used were extracted from sommelier comments from a web magazine (http://buyingguide.winemag.com/regions/newzealand) for the vintages 1996-2007.
Based the DM results some descriptors can be attributed to certain styles. For example, either a) higher weight of lychee or b) higher pear and spice along with low values of butter and ripe relate to Gewürztraminer style of Marlborough. Similarly, the descriptors and their respective weights relating to Marlborough's Pinot Noir, Pinot Gris, Riesling and Chardonnay are listed in Table 1 . Anything that does not meet the conditions in the Table 1 
2) Marlborough Sauvignon Blanc vintages and descriptors
The collection of comments given for 381 Marlborough vintages was converted into matrix of 118 wine descriptors and their rates transformed into "low <80" "medium (med) >79 and <90" and "high >89" based on their rating (100 point) for analysing with DM techniques using WEKA software. The JRip rules listed in Table 2 However, rules obtained analysing the chardonnay vintages separated based on the regions produced interesting rules to establish the correlations between "low", "med" and "high" rate classes and are presented in Table IV . The research is on going and it is anticipated that once the specific descriptors for different wine styles and regions are identified and verified they could be incorporated into an GIS to model the climate as well as other local influences, such as environmental (soil, aspect, slope) at more finer scales, i.e., within vineyards on grapevine phenology and wine quality.
